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MEMORY METAL ACTIVATION SYSTEM 

Field of the Invention 
[0001] The present invention relates to memory metal actuators, and in particular, the 
5 activation of such actuators via a catalytic reaction of a fuel-oxidizer pair. 

Background of the Invention 
[0002] Memory metals in general change shape and have unusually large expansion 
coefficients in a specific temperature range known as the metal's transition temperature 
10 range. These phenomena are most commonly described by those of skill in the art as 
superelasticity and shape memory. By applying heat to a memory metal in its transition 
temperature range, such metal can be made to expand to a greater extent in a shorter 
period of time than ordinary metals. 

15 [0003] NITINOL (Nickel Titanium Naval Ordnance Laboratory), which contains nearly 
equal portions of nickel and titanium, is one of the more common memory metals. Its 
shape memory properties have been used in the manufacture of pipe couplings, 
connectors and actuators. Most recently, memory metals in general have been finding 
applications as actuators and artificial muscles in robotic applications. 
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Summary f the Invention 
[0004] The present invention is an article, system and method relating to the activation of 
a memory metal. A memory metal is exposed to a catalyst and a fiiel-oxidizer pair. The 
5 fuel-oxidizer pair reacts exothermically, and the energy released from this reaction heats 
the memory metal, causing the memory metal to expand. A spark or other external 
initiator may be required to commence the reaction, or the catalyst-fuel-oxidizer 
combination may auto-ignite. The relaxation of the memory metal may be brought about 
by controlling the amounts of catalyst and/or fuel-oxidizer mixture, and flowing air over 

10 the memory metal. The memory metal can be formed into shapes including tubes, wires, 
or plates depending on the application. In one embodiment, the catalyst and fiiel-oxidizer 
mixture are chosen so that the reaction is not self sustaining. Auxiliary heat is then 
supplied to the system, permitting the reaction to be sustained and activate the memory 
metal. When the auxiliary heat is removed, the reaction cannot sustain itself and the 

15 memory metal relaxes. 

[0005] It is therefore an object of a preferred embodiment of the present invention to 
activate a memory metal actuator via a catalytic reaction of a fuel-oxidizer pair. 
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Brief Description of the Drawings 
[0006] Figure 1 illustrates an embodiment of the present invention in which a memory 
metal is formed into tubes. 

[0007] Figure 2 illustrates an embodiment of the present invention in which a memory 
5 metal is formed into wires. 

[0008] Figure 2a illustrates a variation of the embodiment of Figure 2 in which the fuel- 
oxidizer mixture is introduced at the ends of the wires. 

[0009] Figure 3 illustrates an embodiment of the present invention in which a memory 
metal is formed into ribbons, bands, and/or plates. 
10 [0010] Figure 3a illustrates a variation of the embodiment of Figure 3 in which the fuel- 
oxidizer mixture is introduced at the sides of the ribbons, bands, and/or plates. 
[0011] Figure 4 is a graph illustrating an embodiment of the present invention in which 
auxiliary heat must be supplied to sustain a reaction of a fuel-oxidizer pair. 

1 5 Detailed Description of the Invention 

[0012] The present invention is an article, system and method for causing the expansion 
of a memory metal. 

[0013] In the present invention, a catalyst is applied to the surface of, or in close 
2 0 proximity to, a memory metal. A fiiel-oxidizer pair is then introduced into the vicinity of 
the memory metal, followed by a reaction initiator to commence an exothermic chemical 
reaction or combustion of the fuel-oxidizer pair. The heat generated by the chemical 
reaction or combustion on or near the surface of the memory metal raises the temperature 
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of the memory metal which in turn causes the memory metal to expand. In several 
embodiments, a fuel-oxidizer mixture is allowed to flow over the memory metal and/or 
through a memory metal matrix of wires, tubes or plates. 

5 [0014] The catalyst that is applied to the memory metal lowers the energy barrier of the 
chemical reaction or combustion. The lowering of the energy barrier by the catalyst 
increases the energy densities without damaging the actuator and increases the response 
time of the actuator. Additionally, since heat is applied directly to the memory metal, the 
system of the present invention is efficient as less heat is wasted to the surrounding 
10 environment. 

[0015] Reaction initiators include a spark or heat. Heat may be applied in a number of 
ways, including direct combustion or direct application through an external source, or 
internally by heating the actuator itself or just a portion of it. The actuator can be heated 
15 by running a current through it. Some catalyst-fiiel-oxidizer mixtures however do not 
require the application of heat as they are capable of auto-ignition. If the application of 
heat is required to initiate the reaction, either the catalyst, the fuel-oxidizer mixture, or 
the actuator can be heated. 

2 0 [0016] The chemical reaction or combustion can be controlled and/or deactivated in at 
least two ways. The amount and rate of the fuel-oxidizer mixture in the system can be 
controlled. Increasing the amount and rate of the fiiel-oxidizer flow will increase the 
reaction or combustion respectively and increase the heat applied to the memory metal. 



4 



Inventor: Robert J. Howard Attorney Docket No.: FE00636 

Likewise, decreasing the amount and/or rate of the fuel-oxidizer flow will decrease the 
reaction, decrease the heat supplied to the memory metal, and decrease the temperature of 
the memory metal. Secondly, the chemical reaction or combustion can be controlled by 
controlling the temperature of the memory metal. One way of doing this is by operating 
5 the actuator in a region where the oxidation reaction does not supply enough heat to make 
the reaction self-sustaining as explained in detail below. Alternatively, the actuator could 
be heated in a controlled manner by running a current through it i.e. electrical resistance 
heating, or using some other auxiliary heat source. The flow of air past, over and/or 
through the actuator can be used to improve relaxation time. 

10 

[0017] Several different fuel-oxidizer pairs may be used in the present invention. 
Examples include hydrogen-oxygen, ammonia-oxygen, hydrocarbon vapor-oxygen, and 
alcohol vapor-oxygen. In all of these examples, the oxygen used can be that found in the 
atmosphere. Monopropellants and catalyst pairs may also be used. Indeed, any 
15 exothermic chemical reaction or combustion that can be controlled by a catalyst may be 
used. The catalysts that can be used for each of these different fiiel-oxidizer pairs are 
known to those of skill in the art, and include for example palladium, platinum, and 
copper. In a preferred embodiment, the actuator is enclosed to limit the loss of the fuel- 
oxidizer. Such an enclosure will also protect the actuator in harsh environments. 

20 

[0018] Several different configurations of the present invention are illustrated in Figures 
1, 2, 2a, 3 and 3a. In Figure 1, the memory metal is shaped into a tube 10 with opening 
15 at one end and opening 20 at an opposite end. A catalyst of choice is coated onto the 
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inside surface of the tube 10, onto the outside surface of the tube 10, and/or near the 
outside or inside surfaces of the tube 10. A fuel-oxidizer pair is introduced into opening 
15 of the tube, and travels through the inside of the tube thereby coming into contact with 
the catalyst coated on the inside of the tube 10. If catalyst is coated on the outside of the 
5 tube 10, the fuel-oxidizer pair is allowed to travel along the outside of the tube 10 also. 
The catalyst lowers the energy barrier for the fuel-oxidizer pair as the fuel-oxidizer pair 
travels through the tube 10. Heat, a spark or other reaction initiator is introduced causing 
combustion of the fuel-oxidizer pair and the release of heat from the exothermic reaction. 
The heat from the exothermic reaction raises the temperature of the memory metal of the 
1 0 tube 10, thereby causing the expansion of the tube 10. The expansion of tube 10 will be 
in both a longitudinal and radial direction. 



[0019] A second embodiment of the present invention is illustrated in Figure 2. Figure 2 
shows several wires 30 which are made out of a memory metal. The wires are coated 

1 5 with a catalyst of choice for a particular fuel-oxidizer pair. The fiiel-oxidizer pair is 
introduced into the area of the wires 30 and ignited. The heat from the exothermic 
reaction raises the temperature of the wires 30, and causes the memory metal of which 
the wires 30 are made to expand. The expansion is both longitudinal and radial. In this 
embodiment, as shown in Figure 2, the fuel-oxidizer pair can be introduced along the 

2 0 lengths of the wires, and travel through and among the wires, or as shown in Figure 2a, 
the fiiel-oxidizer pair can be introduced at the ends of the wires, travel longitudinally 
along the wires, and the exhaust products exit at the opposite ends of the wires. 
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[0020] In a third embodiment, the memory metal is pressed into ribbons or plates 40 as 
shown in Figure 3. The appropriate catalyst for the fuel-oxidizer pair is spread on the 
surfaces of the ribbons or plates. In a preferred embodiment, both surfaces of the 
plates/ribbons are coated with the catalyst. The fuel-oxidizer pair can be introduced at 
5 one of the longitudinal ends of the plate as shown in Figure 3, at the opposite longitudinal 
end, or at either side of the plates/ribbons. See also Figure 3a. However, it is preferred 
that the fuel-oxidizer pair be introduced at one of the longitudinal ends so that as it travels 
the length of the plate, it is in contact with the catalyst for a greater period of time. The 
heat generated by the exothermic fiiel-oxidizer reaction causes the expansion of the 
1 0 memory metal. The expansion occurs both longitudinally and transversely. 

[0021] As alluded to above, another way to control the reaction of the fuel-oxidizer pair 
involves selecting the catalyst, fuel-oxidizer mixture, and the amounts thereof so that the 
reaction rate is too low to be self sustaining. In such a reaction state, ambient heat losses 

1 5 will significantly exceed the heat generated by the reaction of the fuel-oxidizer pair, 
resulting in a reaction temperature range that prevents the reaction from being self 
sustaining. When it is desired that the reaction be sustained, the temperature of the 
catalyst is raised, and the reaction rate increases exponentially. When the heat source 
used to raise the temperature of the catalyst is removed, the reaction cannot once again 

2 0 sustain itself, the temperature of the memory metal decreases, and the actuator relaxes. 
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[0022] It is possible to adjust such a system so that there is a temperature range where the 
sum of the auxiliary heat and the heat generated by the fuel/oxidizer mixture balances the 
heat losses. While the system can be kept in this range either by careful temperature 
control or by controlling the amount/composition of the fiiel-oxidizer mixture, the 
5 simpler approach is to control the amount of fuel-oxidizer supplied to the actuator. When 
the system operates in this temperature range the removal of the auxiliary heat source 
causes the reaction rate to drop dramatically, allowing the actuator to cool because the 
thermal losses again exceed the heat being applied. If enough catalyst/fuel/oxidizer is 
supplied, the system will latch in the hot state. 

10 v - 
[0023] Figure 4 graphically illustrates this reaction control mechanism. Specifically, 
referring to line 50, Figure 4 shows on the left ordinate that as the actuator temperature 
rises, the heat loss of the system also rises. Similarly, the actuator temperature rises in 
proportion to the heat applied as shown on the right ordinate. The dotted line 60 

15 illustrates that the heat provided by oxidation alone is below the heat loss (line 50), such 
that the catalyst cannot maintain the oxidation. However, once the auxiliary heat is 
applied as indicated by line 65, the catalyst is activated, resulting in the shifting up of line 
60 to line 60a, and the establishment of a new equilibrium point at the intersection of 
lines 50 and 60a. At the equilibrium point, the heat loss is equal to the heat applied plus 

2 0 the heat from the reaction. Also, the equilibrium point is above the memory metal's 
transition temperature so that at equilibrium, the memory metal is in its activated state. 
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[0024] While the invention has been described in its preferred embodiment, it is to be 
understood that the words used are words of description rather than limitation and that 
changes may be made within the purview of the appended claims without departing from 
the true scope and spirit of the invention in its broader aspects. 
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